Background: It is beneficial for gymnasts to train key lumbopelvic musculature to decrease or prevent low back injury. This study compares lumbopelvic exercises and yoga on lumbar muscle endurance, lumbopelvic stabilization, abdominal strength and balance in adolescent female gymnasts and the effect on low back pain.
INTRODUCTION
In gymnastics, the body endures high amounts of repetitive twisting, rotating, and bending (Kolba, 2005) . The sport involves a high level of skill as well as strength and flexibility, yet many sustain injury with the lower spine being a common site for acute and chronic overuse cases (Mulhearn, 1999) . Injuries reported in gymnasts include anterior apophyseal ring avulsion, spondylolysis, spondylolisthesis, disc herniation, bone marrow edema (Bennett, 2006) , endplate damages, fractures, disc degeneration, muscle strains, ligament sprains, and non-specific low back pain (Caine et The likelihood for a gymnast to acquire low back pain and injury is relatively high in comparison with other sports with annual incidences between 30-90% as well as frequently recurring incidence of 72% (Caine et al., 1989) . Injury rates per 1000 exposures of female gymnasts range from 3.7 to 22.7 (Caine et al., 1989; Sands et al., 1993; Weiker, 1985) . Women's U.S. collegiate gymnastics has the highest percentage low back injury rate of all the NCAA sanctioned and monitored sports (NCAA, 2004) .
A potential factor in the etiology of low back injury and pain is weakness in the lumbar spine musculature around the lumbar region (Pareniapour et al., 1988) . Controlling the spine is complex because it relies on well-coordinated muscles (Panjabi, 2006) specifically the transverse abdominis and abdominal obliques (Richardson et al., 1990 ). These two muscle groups have obtained special attention due to their importance for controlling movement and stability of the spine (Richardson et al., 1990 ). In the general athletic population, reduced trunk extensor muscle endurance is a risk factor for low back injury and resultant pain (Biering-Sorensen, 1984) . Those with poor trunk muscle endurance, therefore, may have low muscle fatigue thresholds that could result in an increased loading of the passive low back structures such as bone, disc, and ligaments (Mayer et al., 1995; Wilder et al., 1996) .
Reported risk factors for developing low back injury and pain in gymnasts include starting at a young age, training and competing during periods of growth (Kujala et al., 1997) , complexity of skills performed (Dixon and Fricker, 1993) , and overall duration of training along with the exposures of biomechanical force during the landing (Daly et al., 2001; .
One key aspect that may be effective in the prevention or reduction of low back injury is optimal stability in the lumbo-pelvic region. Bouisset (1991) proposed that stabilization of the pelvis and trunk is necessary for all movements of the extremities. Its stability is dependent on a combination of global, superficial muscles around the abdominal and lumbar region and local stability in the intrinsic muscles of the abdominal wall (Marshall & Murphy, 2005) . For gymnasts, core stability training is vital due to inherent components such as spinning and rotation (Kolba, 2005) as these require complex interactions between skeletal, ligamentous, and muscular components (McGill et al., 2003) .
Proper maintenance of balance and postural equilibrium is vital in sport (Riemann & Guskiewicz, 2000) so the focus of training should include muscular stabilization of abdominal, paraspinal, and gluteal muscles in order to provide better stability and control (Nadler et al., 2002) . Therefore, it is not simply one element that needs to be trained, but numerous components including balance, proprioception, strength, and stability of the whole lumbo-pelvic region.
Several studies have measured the relationship of core stability and low back pain and exercise interventions incorporated into training in order to reduce or prevent the likelihood of low back injury, however, most have focused primarily on collegiatelevel or elite adult and junior-level gymnasts. Thus, there exists a paucity of empirical evidence on the effectiveness of lumbo-pelvic stability on the adolescent level. Furthermore, those studies that have focused on junior-level participants have done so at the elite level. This is problematic as the majority of junior-level participants are not elite level and may not benefit from these interventions. Therefore, the primary aim of this study was to compare the effect of two, 6-week core stability interventions on lumbar endurance, lumbo-pelvic stabilization, abdominal strength and balance in non-elite level, young female gymnasts. A secondary aim was to examine the effectiveness of the 6-week core stability interventions on low back pain.
MATERIAL AND METHODS

Participants
Participants were recruited from a local gymnastics academy. Interested parents and participants were provided with a participant Health History Questionnaire, Parent Consent form, and Participant Consent form. Demographics on the Health History Questionnaire included age, height/weight, years of experience, previous/ current injuries, other sports and activities involved with, and history of low back injuries. The female gymnasts (n=13) ranged from ages 9-17 years old (Table 1) who practice approximately 3-5 days per week at 4 hours per session. All participants had parental consent forms signed in order to participate. 
Measures
The instruments used for this study measure muscle endurance, strength, balance, and lumbopelvic stability. A self-administered daily logbook was included to track changes in low back pain. Pre-and Post-intervention test Measures. The BieringSorensen Test, Side-bridge, Star Excursion Balance Test and, Lumbopelvic Control Test. The BieringSorensen Test assesses the endurance of the erector spinae muscles. Actions of these muscles include extending the vertebral column bilaterally and laterally flexing the vertebral column unilaterally which are components of a gymnasts' performance with backward (concentric) and forward (eccentric) bending motions. Lumbopelvic Control Test assesses the rectus and transverse abdominis muscles. When activated, these muscles help maintain a neutral position of the pelvis in order to decrease the pressure being placed on the spine. The Side Bridge engages primarily the obliques and quadratus lumborum muscles. Together they help with rotation, forward flexion, and back extension, actions required for flips, twists, or rotating movements. Balance is an important gymnastic component therefore the Star Excursion Balance Test (SEBT) was included to measure dynamic balance. Low Back Pain Survey. At the end of each day, participants responded to a primary question consisting of a single question and depending on their response directed to answer two additional questions. The primary question was "Do you have or have you had back pain today?" If so, the participant was instructed to make a mark on the exact location of pain on a diagram of the body and rate the intensity of pain with a category-ratio scale from 0-10; 0 being no pain and 10 being worst pain. Those who indicated 'yes' were then asked, "What generated the pain and what did they do to get relief?" used this survey in a study.
Exercise Interventions
Each training session took approximately 20 minutes and began after team warmup. There was two training sessions per week with exercises gradually progressed over a 6-week period. Participants were compliant if they attended at least 80% of the exercise sessions over the 6-week training period. (Bregel, 2013) and included the downward-facing dog, bridge, child's pose, happy baby, and rag doll.
Procedures for Collecting Data
Following IRB approval and consent, demographics and anthropometric measurements and the four pre-intervention tests were completed. Logbooks were provided two weeks prior to the commencement of the pre-intervention test assessments. Following pre-intervention data collection, participants were randomized to a lumbopelvic (n=6) or yoga (n=7) intervention and notified on the first day of the intervention. The interventions were under the direct supervision of the primary investigators for approximately 20 minutes prior to practice but after each had participated in the team warmup. At weeks two and four, each participant was assessed on their progress of each on the specific intervention components. For example, a participants' ability to reach the intended level of repetitions and sets. At this time, the investigators determined whether the participant was able to progress, reduce their levels, or continued at the same amount of repetitions and sets. Upon completion of the six-week interventions, participants completed the post-intervention measurement testing. Furthermore, participants submitted their daily logbooks two weeks after the sixweek intervention.
Statistical Analysis
The data from the pre-and post-measurement tests was entered into SPSS v23. Multiple independent sample ttests were conducted to establish any differences between the groups for pre-test, post-tests, and pre-to post-gains with the Biering-Sorensen Test, Side Bridge, and Lumbopelvic Control. To further explore group effects, an ANCOVA was conducted for both the Biering-Sorensen Test and the Side Bridge in which the pre-test scores were used as covariates. A MANOVA was conducted for the Star Excursion Balance Test to compare groups at pre-test, post-test, and gains from the pre-to post-test on both right and left sides. In order to measure low back pain or change in low back pain, logbook data was analyzed to assess the percentage of LBP occurrence for each group and group member. Of the 13 participants, 6 log books were fully completed and these were used in the analysis.
RESULTS
Relationship between pre-and post-scores for the Biering-Sorensen Test did not reach statistical significance (b = 0.44, p = .24). No group difference was observed at the pre-test (p = .63). While no group difference was observed for the absolute post-test scores (p = .15), the difference scores from pre to post were statistically greater for the lumbopelvic group (M∆ = 22.0) compared to the yoga group (M∆ = 9.8) with t(11) = 2.04, p = .033 (using a directional test). Please refer to Table 2 and 3. To further explore possible group effects, an ANCOVA model was run in which the pre-test scores were used as covariates. In alignment with the previous result, statistically significant group differences were observed (standardized coefficient for yoga group effect: β = -0.58, p = .043). To keep the number of parameter estimates reasonable, the age variable was treated as an interval measure instead of an ordinal measure, though comparable estimates were obtained when the larger parameter models were employed. Neither age nor pre-test were significant measures, and the experience difference was evident between levels 1 (1-2yrs experience) and 2 (3-5yrs experience) [(p = .047)] and levels 1 and 3 (6+ yrs experience) [(p = .037).]
Relationship between pre-and post-scores for the Lumbopelvic Control Test was statistical significance (b = 0.96, p = .040). Group differences were observed at the pre-test (M1 = 1.5 & M2 = 0.7) with t(11) = 2.11, p = .029). No group difference was observed for the absolute post-test scores (p = .92), and the difference scores from pre-to post were not statistically different (p = .80). Please refer to Table 2 and 3.
Relationship between pre-and post-scores for the right Side Bridge was statistical significance (b = 0.93, p = .015). No group difference was observed at the pre-test (p = .68). No group difference was observed for the absolute post-test scores (p = .92), and the difference scores from pre to post were not statistically different (p = .80). Thus, it appears both groups were comparable at pre-and post-test and comparable in their gains over time. Please refer to Table 2 and 3. Relationship between pre-and post-scores for the left Side Bridge was statistical significance (b = 0.99, p = .001). No group difference was observed at the pre-test (p = .22). While no group difference was observed for the absolute post-test scores (p = .98), the difference scores from pre to post were statistically greater for yoga group (M∆ = 22.8) compared to lumbopelvic group (M∆ = 13.2) with t(11) = -1.94, p = .039 (using a directional test). Please refer to Table 2  and 3. To further explore possible group effects, an ANCOVA model was run in which the pre-test scores were used as covariates. In alignment with the previous result, statistically significant group differences were observed (standardized coefficient for yoga group effect: β = +0.34, p = .036-using a directional test). This indicates that the yoga group showed higher scores on the left Side Bridge post-test scores after accounting for their pre-test scores.
To assess the Star Excursion Balance Test scores, a MANOVA compared the groups at pre-test, post-test and gains from pre-to post-test on both right and left sides. The only statistically significant finding (at a significance level of 0.10) was a possible group difference at post-test on the left side (p = .052). However, with the small sample size, this finding needs to be treated with caution.
Six fully completed logbooks were analysed. Of the six logbooks, there were group differences in the occurrence of low back pain. The yoga group showed 
two participants with an absence of low back pain throughout the whole study while one showed an increase at weeks 3-6 and a decrease post study. For the lumbopelvic group, one showed a decline of low back pain throughout the study while two showed a slight increase over the time period.
DISCUSSION
The Biering-Sorensen Test and Side Bridge were two used to determine lumbar endurance. The results did not show statistically significant group change after the 6-week intervention with improvements seen in 12 of the 13 participants. However, those in the lumbopelvic group showed greater improvements from preto post-test scores in comparison to the yoga group. Furthermore, the lumbopelvic group showed a statistically greater change over time. Therefore, lumbopelvic stability training may be a better option in this age group for the development in muscle endurance of the erector spinae muscles.
A possible reason for the greater improvement in lumbopelvic group is the inclusion of the Sidebend, also known as the Side Bridge, and Side Plank. This maneuver can activate muscles of the posterior abdominal wall and back such as the lumbar erector spinae, a key endurance muscle (McGill et al., 1996; McGill, 1998) . Similar to the results in the current study, Durall et al. (2009) incorporated the Side Bridge to influence muscle endurance on collegiate-level gymnasts. In their study, the results reported significantly higher endurance improvements. However, their intervention was over a 10-week time period and the age of the participants were older. This is an important distinction as the response to muscle endurance gains may be similar to those of strength as longer duration periods of training provide more time to make gains (Kraemer and Fleck, 2007; Kraemer et al., 2002) . Additionally, the use of collegiate-age participants, as compared to the younger age group in the current study, may also be a factor. For example, although muscle endurance is targeted in the current study it is known that maximal muscle force is lower in the younger population than in adults, even when sizenormalized to body mass (De Ste Croix et al., 1999; Lambertz et al., 2003) .
The relationship between muscle endurance and low back pain is documented. Nicolaisen and Jorgensen (1985) found those who had never experienced low back pain are able to hold isometric endurance of the trunk extensor muscles, measured with the Biering-Sorensen Test, longer than those who had experienced low back pain. Similar findings from Hultman et al. (1993) found that those with chronic low back pain averaged shorter endurance hold times in comparison to those who had never experienced low back pain. This is noteworthy, as a few of the participants in the current study had endured low back pain prior to, during, and/or after the intervention. Therefore, if a participant was experiencing or had experienced low back pain the gains may have been negligible, at best.
The Side Bridge, Lumbopelvic Control and Star Excursion Balance tests assessed stability. The Side Bridge is ideal as it tests an aggregate of trunk and abdominal muscles as they work synchronously (McGill et al., 2003) such as the obliques and quadratus lumborum that are key for stabilizing. Leetun et al. (2004) found the collegiate female basketball and cross-country athlete's demonstrated significantly reduced Side Bridge capacity along with hip abduction and external rotation suggesting that hip and trunk weakness reduces the ability of females to stabilize the trunk.
In the current study, results from the right Side Bridge demonstrated no group differences at post-test or pre-to post indicating both groups were comparable at pre-and post-test and comparable in gains over time.
Results from the left Side Bridge showed a statistically significant difference from pre-to post with the yoga group, suggesting those exercises influence the development of lateral core stabilizer endurance more so than the lumbopelvic exercises. Future research should assess how specific yoga possess, for example the prone bridge such as the one in this study, may influence endurance of the lateral stabilizers.
Interestingly, the results showing side dominance may be an area for future research. The exercise interventions were bilateral in structure and for the most part gymnastics is not a one-side dominant sport. However, gymnasts have a dominant side or direction to perform a skill and an attempt to train, or exercise, on the non-dominant side may have influenced the results. Additionally, since this side is less dominant in most individuals (Hepper et al., 1991) , there may have been more room for improvement in comparison to the right side. Moreover, the length of time of the intervention may have also contributed. For example, in Durall et al. (2009) study, which used the Side Bridge test for assessing endurance levels following a 10-week exercise intervention, results showed significant, but equal, differences in the right and left Side Bridge. The current study, in comparison, was shorter allowing more time for improvement if there were initial side-to-side variations.
Stability in the lumbopelvic region was also assessed using the Lumbopelvic Control test. The results indicated significance difference between preand post-scores for both training groups suggesting that these interventions are equally effective for front-on stability. For both the lumbopelvic and yoga groups, all participants increased by at least one level. However, it should be noted this is on a 5 points scale; therefore, this must be interpreted with caution, as a possible ceiling effect, in which the participants in the yoga group may have shown more increase if they had started lower and comparable to the lumbopelvic group. Perrott et al. (2012) suggested that optimal muscle recruitment patterns are essential to attain and maintain stability and without these patterns, a lack of improvement during the Lumbopelvic Control test may have occurred. Therefore, endurance training which can increase stabilization effectively by specific recruitment of muscles in the lumbopelvic region (Carpes et al., 2008) , should be a key component with young gymnasts.
Additional testing of stability and balance with the Star Excursion Test indicated a slight, but not significant, group difference on the left side. However, the sample size needs consideration when reviewing these results. The possible reasons for this dissimilarity could be comparable to that of the left Side Bridge increases. Hand and foot dominance was not obtained from the participants but it can be assumed that the majority are right foot dominant (Dargent-Paré et al., 1992) therefore there was more room for improvement on the left side. In a study by Filipa et al. (2010) , soccer players assessed with the Star Excursion Balance Test had significant improvements after a neuromuscular training program. However, that intervention differed from the current study by including two, 45-minute lower extremity, and core stability-training sessions over an 8-week period.
The exercise interventions were low impact and focused on areas that, if deficient, would affect the development or further development of low back pain. However, the logbook analysis revealed mixed results. Some of the participants remained pain-free while others had an increase and/or decrease. Although a similar study had reported better results ) the control of the spine is complex and it is only possible to diagnose a small proportion of low back sufferers on a patho-anatomical basis (Albert, et al., 2008) . Therefore, the cause of some of the participants' low back pain is undefined and this is problematic when incorporating an intervention aimed on one aspect of a multifactorial problem.
There were several limitations to this study and most notably a lack of control group and an insufficient number of participants to determine whether these results can be reliably interpretable. Another limitation was the incompletion of several logbooks. Of the 13 participants, only six were fully completed and assumed filled out truthfully. The 'ceiling effect' in the Lumbopelvic Control test is also a limitation. Finally, the age range of the participants were too broad as it compared nine-year-olds to older teens, however, a majority of similar studies have involved older populations with many being at the elite-level.
The focus on a younger and more vulnerable population defines the novelty of this current research project and provides a basis for further research. A majority of past research is in the collegiate or elitelevel even though there are reported low back issues starting as early as 9 or 10 years old. This study incorporated yoga with a view to measure its effect to commonly used core strengthening exercises. This is important, as further research needs to develop agespecific protocols geared towards younger gymnasts whose bodies are still in the developmental stages.
